The study examined the effects of two modes of computer-assisted instructional package on solid geometry achievement amongst senior secondary school students in Minna, Niger State, Nigeria. Also, the influence of gender on the performance of students exposed to CAI(AT) and CAI(AN) packages were examined. This study adopted a pretest-posttest experimental design with 3 x 2 factorial design and a sample of 120 Senior Secondary class Two (SSII) students (60 male and 60 female). Computer-Assisted Instructional package of two modes; Animation with Text (AT), and Animation with Narration (AN) were employed as treatment instruments and a Solid Geometry Achievement Test (SGAT) was used as test instrument. A trial test was carried out and a reliability coefficient of 0.78 was obtained using the KR-21. Analysis of Variance (ANOVA) and t-test was used in analysing data collected. The study revealed that, there were significant differences in the post-test mean scores of CAI(AT), CAI(AN) and the control group (F = 11.468, df = 119, p<0.05) and the Scheffe's post-hoc test revealed a significant difference between CAI(AN) and the lecture method groups, favoring CAI(AN), there was no statistically significant difference in the post-test mean scores of male and female students taught using CAI(AT) (t=0,660,df=38, p>0.05) and CAI(AN) (t=1.455, df = 38, p>0.05). Based on these findings, it was therefore recommended that mathematics teachers should be encouraged to use CAI(AN) for meaningful and effective teaching and learning of mathematics.
Introduction
Mathematics as a subject can be seen in all facets of life and in day-to-day occupations such as internet technology, banking, construction, medicine, scientific discoveries and even in our planning of daily activities and many others. Mathematics remains a core subject in both the primary and secondary schools (FRN, 2008) . Without a credit pass in mathematics at the senior secondary school level, no student can access the tertiary education in Nigeria. One of the reasons for the review of the National Policy on Education 1998 was to expand the National Mathematical Centre (NMC) whose role is to enhance mathematics teaching and learning through research (FRN, 2008) . The Joint Admission and Matriculation Board (JAMB) brochure 2010 indicated that 80% of universities in Nigeria had a Mathematics department in the form of pure mathematics, industrial mathematics, mathematics/computer science, mathematics/statistics or mathematics/physics. A survey report also shows that all 100level students in every university that offer science, engineering and technology courses, take mathematics as a general course.
All these measures point to the importance of mathematics in the development of the nation. In spite of the importance attached to mathematics as a core subject in Nigerian schools today and its application in everyday life, there has been consistent poor performance at all levels starting from the primary school level (Agwagah, l997; Gambari & Adeghenro, 2008; Iji & Harbor-Peters, 2005 ; WAEC & NECO May/June & Nov/Dec., [2007] [2008] [2009] [2010] [2011] .
The West African Examinations Council (WAEC, 2007 (WAEC, , 2008 (WAEC, , 2009 (WAEC, , 2010 (WAEC, & 2011 Chief Examiners reports highlighted areas of students' weaknesses to include (i) inability to carry out simplifications of surds and indices,(ii) applications of laws of logarithm,(iii) inability in choosing appropriate scales in plotting graphs(iv) poor knowledge on the rubrics of construction, and (v) confusion on plane and solid shapes.
The problem and difficulties experienced by secondary school students in geometry has been traced to inadequate knowledge of the rubrics of construction, measurement and identification of plane shapes from the solid shapes (WAEC chief examiners report 2007; 2008; 2009; 2010; and 2011) . This worrisome trend has led many researchers to search for solution(s) to poor performance in mathematics among senior secondary school students. Many researches point to the abstract nature of mathematics in classroom teaching as one of the causes of poor performance in mathematics (Bolaji, 2002; Emuhohwo, 2009; Mohammed & Abba, 2006; Nwagbo, 2005; Zakariyya, 2008) According to the National Council of Teachers of Mathematics (NCTM, 2008) , technology is an essential tool for learning mathematics in the 21st century, and all schools must ensure that their students have access to technological innovations such as Instructional televisions, computers and other multimedia technologies. Efficient teaching maximizes the potential of multimedia technology to develop students' understanding, stimulate their interest, and increase their proficiency in mathematics.
Computer-Assisted Instruction is one of the multimedia instructions that has been empirically proved to enhance students' performance, arouse their interest, and reduce the boring and abstract nature of mathematics (Adegoke, 2010; Gambari, 2010; Kuti, 2006; Mahmood, 2002) . In recent times, emphasis has shifted from the use of computer for administration, management and other uses to computer as a medium of instruction. Computers as an instructional media can come in different forms, computer based instruction (CBI), computer based learning (CBL), computer enhanced learning (CEL), computer aided learning (CAL), computer aided instruction (CAI) and computer assisted instruction(CAI). Computer Assisted Instruction (CAI) has been reported to be one of the most effective instructional strategies for developing interest, positive attitude, promoting retention ability of the students and improving the achievements of students (Gambari & Adeghenro, 2008; Osemmwinyen, 2009; Yusuf & Afolabi, 2010) . The theories behind this success story were propounded by Paivio (1986) and Mayer (2001) .
The Dual Code theory (DCT) by Paivio (1986) and the multimedia learning theory by Mayer (2001) provide theoretical support for the use of verbal and nonverbal influences on the memory. Mayer and his colleagues propounded principles of multimedia learning which include: (a) the coherence principle -students learn better when extraneous words, pictures and sounds are excluded rather than included, (b) the modality principle -students learn better from animation and narration than from animation and on screen text, (c) the redundancy principle -students learn better from animation, onscreen text and narration.
Computer-assisted instruction (CAI) is one of the many instructional strategies that has proved effective in integrating different types of media and bringing out a better learning outcome. Among these include, animation with text (AT), animation with narration (AN) and text with narration (TN). All these integration have shown a greater learning achievement in mathematics. Although so many researches for redundancy principle (Moreno & Mayer, 2000) ; for modality principle (Taber, Martens and VanMerrieboer, 2004) , the findings of some other authors were not in agreement with the redundancy principle (Ozdemir, 2009; Thalheimer, 2004) . These principles support the use of different modes of CAI, Animation with text, Animation with Narration, Text with Narration and many others. The question is amongst the different modes of CAI, which modes can be more effective in instruction.
Empirical evidences on the use of different modes of CAI are inconclusive. For instance, on narration with text (NA) mode, Mayrath (2009) found that students who received the voice-only (narration) tutorial performed significantly better on the transfer test than students who received the text-only tutorial. However, Koroghlanian and Carol (2000) found that participants in the Text treatments achieved the same as participants in the Audio (narration) treatments on both the practice and post-test. Similarly on Animation with text (AT) mode, Yen, Lee and Chen (2012) reported that the group using image-based (animation) concept mapping showed higher level than the text-based group in the dimension of understanding and creating. Similarly, Mahmood (2002) revealed that CAI involving Animation with Text (AT) and Animation with Narration (AN) improves students' achievement in mathematics. However, Jolly (2003) reported no significant differences in the performance level of the students in animation-with text as compared to graphics-with-text when exposed to Life Cycle of a Monarch Butterfly in biology.
Gender equality has been a conflicting issue in mathematics achievement. Aguele and Agwagah, (2007) observed that gender disparity in enrolment STME and achievement in higher education is invariably rooted from inequality at the primary and secondary levels where the real sorting out of University bound students take place. Empirical evidences on gender in mathematics achievement have been a controversy. For instance, Gambari and Adegbenro (2008) , Osemmwinyen (2009) and Yusuf (2006) found no significant difference between male and female students' achievements and retention when taught geometry, trigonometry and statistics using computer-assisted instruction. However, Kurumeh (2004) reported that female students achieved higher than male students on effects of ethno-mathematics approach and interest in geometry and mensuration, while, Kolawole (2007) found that male students achieved significantly better than female students in science education.
Little is known about the use of computer-assisted instructional package in the Nigerian education system particularly in different mode settings. In addition, very few empirical studies exist in Nigeria regarding the use of CAI in mathematics. Thus, many remain to be empirically studied on the effect of CAI modes in mathematics education, in Nigeria. Therefore this study examined the effects of CAI in Animation with text (AT) and Animation with narration (AN) on student's solid geometry achievement.
Research Questions
This study sought answers to the following research questions: 1) Are there differences in the post-test mean score of students taught solid geometry using CAI, animation with Text (AT), Animation with Narration (AN) and lecture method?
2) What is the difference in the post-test mean score of male and female students taught solid geometry using Animation with Text (AT)?
3) Is there any difference in the post-test mean score of male and female students taught solid geometry using Animation with Narration (AN)?
Research Hypotheses
The following null hypotheses were formulated:
1) There are no significant differences in the post-test mean scores of students taught solid geometry using, Animation with text (AT), Animation with narration (AN) and lecture method.
2) There is no significant difference in the post-test mean scores of male and female students taught solid geometry using animation with text (AT).
3) There is no significant difference in the post-test mean scores of male and female students taught solid geometry using animation with narration (AN).
Methodology Research Design
This study adopted a pre-test, post-test experimental control group design. The two experimental groups(AT & AN) and one control group(lecture method) were administered a pre-test before treatment and post-test after treatment. The experimental group 1 was subjected to treatment using Animation with Text (AT), the experimental group2 was subjected to treatment using Animation with Narration (AN) and the control group was taught using lecture method.
Sampling and Sampling Techniques
The sample consists of 120 senior secondary class two (SSII) students (60 male and 60 female). Based on the nature of this research, a three stage sampling technique was employed in selecting the sample. Firstly a purposive sampling technique was employed in selecting the three senior secondary schools based on school type (public school), facility (schoolNet), school location (Minna metropolis) and gender composition (male and female). Secondly, a simple random sampling technique was used to assign the three selected schools to two experimental and one control group. Thirdly, one arm of SSII classes in each of the school was randomly selected and finally, stratified sampling was used to select 20 male and 20 female students for the experiment.
Research Instruments
The research instruments consist of two treatments and one testing instruments. The instruments covered topics in solid geometry that include: surface area, total surface area and volumes of cubes and cuboids, curved surface area, total surface area and volume of cone, cylinder, sphere, hemisphere and pyramids.
Treatment Instrument: The treatment instruments were developed by the researchers and programmers using suitable programming languages such as micro-media flash, dream-weaver, fireworks 8, flash 8 and MS office software in bringing out the animation showing the formation of the different shapes in a way that the students will see the major properties of these shapes. Both the treatments consist of animation of the major concepts in solid geometry and on-screen texts with lesson objectives, examples, illustrations in animation format, quizzes to be answered before navigating to the next topic. The only difference between the treatments was the addition of onscreen text (T) in the first treatment and narration (N) in the second treatment.
Test Instrument:
The test instrument used for this study is the Solid Geometry Achievement Test (SGAT). The SGAT consists of 30-item multiple choice objective type adopted from the past Senior Secondary School Certificate Examinations (SSSCE) of West African Examinations Council (WAEC) and the National Examinations Council (NECO) questions (from 2001 -2011). 10 out of the 30 questions tested students' ability to recall what they have learnt while 20 questions tested students' ability to apply what they have learnt to solve problems. The options are lettered A-D with each correct option carrying 1 mark and incorrect option having 0. The scores were later converted to percentage. Although the questions have already gone through validation as they are WAEC and NECO past questions, a team of two science education and three mathematics teachers also looked at the SGAT and their suggestions and recommendations were used to modify the instrument. The administration of SGAT took 45minutes.
Experimental Procedures
Pre-test was administered to three groups, followed by six weeks treatment on the two experimental groups (AT) and (AN) and at the same time teaching the control group with lecture method.
Experimental Group I: Animation + Narration (AN):
The students in this group were exposed to computers which displayed animations depicting the explanations of the concepts of geometry along with concurrent teacher-narration voice.
Experimental Group II: Animation + On-Screen text (AT):
The students in this group were exposed to computer which displayed animations depicting concepts of geometry with concurrent presentation of on-screen text. To reduce cognitive load, the corresponding words and graphics animation were presented near each other on the page.
Control Group: Lecture Method: The control group was exposed to lecture method. The researcher presented the subject matter using charts as instructional materials to explain the concept of geometry. The students listen to the lecture and copy the note on the chalkboard. Questions were entertained at the end of the lesson after which assignment were given.
Post-test was administered immediately after the treatment. Data obtained from post-test were subjected to data analysis using Analysis of variance (ANOVA), t-test and Scheffe's post-hoc test.
Results
To test for the hypotheses, the data were analyzed using t-test, one-way ANOVA and Scheffe's test using Statistical Package for Social Sciences (SPSS) version 16 at 0.05 alpha level. The results are presented based on the research hypotheses. From Table 1 , the F-value of 1.555 was not significant at the 0.05 level. This indicates that there are no statistically significant differences among the performance of students taught with Animation + on-screen Text (AT), Animation + Narration (AN) and control group (F = 1.555, df = 117, p = 0.216). This implies that there are no significant differences among sample students before the commencement of the experiment. This means the students are comparable.
Hypothesis One
There is no significant difference in the post-test mean scores of students taught solid geometry using CAI, animation with text (AT), animation with narration (AN) and lecture method.
In order to test this hypothesis, ANOVA was used to analyze the mean scores. The summary of this analysis is shown on table 2. From Table 2 , the calculated F-value of 11.468 was not significant at the 0.05 level. This indicates that there is statistically significant difference among the performance of students taught with animation + on-screen text (AT), animation + narration (N) and control group (f = 11.468, df = 117, p = 0.000). Hence, Ho 1 was rejected. Therefore, there are significant differences among students taught mathematics with AT, AN packages and lecture method. Scheffe's post-hoc analysis was further carried out to determine the direction of differences. The analysis of post-hoc is shown in Table 3 . The result in Table 3 indicates that there was no significant difference in the mean achievement scores of students exposed to AT (X = 65.38) and those exposed to AN (X = 73.80). It also indicates no significant difference in the mean achievement scores of students exposed to AT (X = 65.38) and those exposed to lecture method (54.43). Significant difference was established in the mean achievement scores of students exposed to AN (X = 73.80) and those exposed to lecture method (X = 54.43).
Hypothesis Two
There is no significant difference on the post-test mean scores of male and female students taught using animation with text (AT). ns= not significant at .05 level. Table 4 presents the t-test of male and female students of experimental group I (AT). The mean scores of the male students were 64.465 and 67.300 for the female students. The t-value of 0.660 was not significant at the 0.05 level. This indicates that there is statistically no significant difference between the male and female students taught with CAI with AT , (t= 0.660,df=38, p =0.513). Hence, Ho 2 was upheld. Therefore, there is no significant difference between male and female students taught with animation with text package.
Hypothesis Three
There is no significant difference on the post-test mean scores of male and female students taught using animation with narration (AN).
In ns= not significant at .05 level Table 5 presents the t-test of male and female students of experimental group II (AN). The mean scores of the male students were 70.300 and 76.965 for the female students. The t-value of 1.455 was not significant at the 0.05 level. This indicates that there is statistically no significant difference between the male and female students taught with CAI with AN, (t = 1.455, df = 38, p = 0.154). Hence, Ho 3 was upheld. Therefore, there is no significant difference between male and female students taught with animation with text package.
Discussion
The results of hypothesis one reveal that there are significant differences in the learning achievements in favor of the group taught solid geometry concepts with animation with narration. This result agrees with the findings of Mayrath (2009) and Yen, Lee, and Chen (2012) who reported that students taught with animation with narration performed significantly better than those in control group. The result of this study validates the findings Richard Mayer's (2001) multimedia modality principle. Also the result confirmed the findings of Taber, Martens and VanMerrieboer (2004) and Adegoke (2010) that multimedia based instruction involving animation with narration results in a more significant learning outcome than animation with onscreen text. It agrees with the findings of Mahmood (2002) which revealed that CAI involving Animation with Text (AT) and Animation with Narration (AN) improves students' achievement in mathematics.
The results of hypothesis two and three show that there is no significant difference between male and female students taught solid geometry concepts with Animation with Text (AT) and those in Animation with Narration (NA). This finding is in agreement with the results of Gambari and Adegbenro (2008) Osemmwinyen (2009) and Yusuf (2006) who found no significant difference between male and female students' achievement and retention when taught geometry, trigonometry and statistics using computer-assisted instruction. However, this result contradicts the findings of Kurumeh (2004) which reported that female students achieved higher than male students on effects of ethno-mathematics approach and interest in geometry and mensuration, while, Croxford (2002) reported that male students achieved significantly better than female students in science education.
Conclusion and Recommendations
This study has shown that integrating animation with text and animation with narration in a computer based multimedia learning environment enhanced students' learning outcome in mathematics. Computer assisted instructional packages involving animation with narration (AN) generates more learning outcome than animation with on screen text (AT). The use of CAI packages that involve animation with narration (AN) and animation with text (AT) can serve as a medium of reducing students' low achievements in mathematics and is also gender friendly.
Based on the findings of this study, it is recommended that the researchers' developed Animation with Narration package which was found to be effective for teaching solid geometry among senior secondary school students should be encouraged in the teaching of mathematics. To achieve this, mathematics teachers should be trained on the effective use of computer-based multimedia instruction through seminars, workshops and conferences.
